Background: The role of alcohol consumption as an independent risk factor for lung cancer is controversial. Since drinking and smoking are strongly associated, residual confounding by smoking may bias the estimation of alcohol consumption and lung cancer risk relation. Therefore, we undertook a meta-analysis to quantitatively assess the association between alcohol and risk of lung cancer in never smokers.
introduction
The role of alcohol consumption on the occurrence of lung cancer is still controversial. Since drinking is strongly related to smoking, the positive association between alcohol and lung cancer reported in several studies [1] [2] [3] [4] is possibly due to the residual confounding by smoking.
A simple yet effective way to clarify whether alcohol is an independent risk factor for lung cancer is to limit the investigation to never smokers; while a pooled analysis based on seven large cohort studies suggested that alcohol consumption might play an independent role in the etiology of lung cancer in male never smokers [5] , other prospective studies resulted in no association [6, 7] or a protective effect [8] . Since limiting the investigation of lung cancer to the subgroup of never smokers leads to small sample size and fewer subjects exposed to alcohol [9] , these conflicting results could be due to random error. Therefore, to enhance power to identify the potential association between alcohol drinking and lung cancer risk in never smokers, we conducted a meta-analysis of published epidemiological data investigating this issue. methods search strategy and study selection
We carried out a Medline search (from 1960 to January 2010) for studies investigating the association between alcohol consumption and lung cancer risk. The search strategy is described in Box 1. In addition, the reference lists of retrieved articles and of reviews and meta-analyses published on the issue were hand-checked to identify additional relevant studies. We limited our search to studies published in English.
An article was included in the meta-analysis only if it satisfied the following criteria:
1 case-control or cohort studies published as original articles (abstracts, letters, reviews and meta-analyses were excluded); 2 studies that reported findings expressed as odds ratio (OR), relative risk (RR) or hazard ratio (or reported sufficient data to compute them) in never smokers, with alcohol intake considered as an exposure and lung cancer incidence or mortality as an outcome; and 3 studies that reported standard errors or confidence intervals (CIs) of the risk estimates or provided sufficient data to calculate them.
In addition, studies that met the above criteria but reported only information on specific type of alcoholic beverages (i.e. beer, wine or spirits) without reporting on total alcohol consumption were excluded because nondrinkers of a specific beverage might drink other types of alcoholic beverages. Three investigators (VB, LS and MR) independently determined the eligibility of each article for inclusion in the meta-analysis. Any disagreement was resolved by consensus among the three. When the results of the same study were published in more than one paper, only the most recent and/or complete article was included in the analysis.
data extraction
For each included study, we extracted details on study design, country, gender, categories of alcohol intake considered, RR estimates and 95% CIs, adjustment variables and, when available, the number of cases and controls (case-control studies) or the number of events and subjects at risk (cohort studies) for the reported exposure levels. Since lung cancer is a relatively rare event, we assumed that ORs, risk ratios and rate ratios were all comparable estimates of the RR [10] . Where possible, separate estimates were extracted for males and females.
data analysis
A pooled RR of lung cancer for drinkers versus nondrinkers was computed, using both fixed-effects and, in case of significant heterogeneity between estimates, random-effects models [11] .
When a study reported adjusted risk estimates for two or more categories of exposure compared with a common baseline group, we aggregated them in a single estimate relative to drinkers versus nondrinkers category using the method for pooling nonindependent estimates described by Hamling et al. [12] . This method uses the dose-specific covariate-adjusted risk estimates, their CIs and the crude numbers of cases and non-cases for each category of exposure in order to generate a set of pseudo-numbers of cases and non-cases consistent with both the adjusted estimates and their CIs. The pseudo-numbers of two or more categories of exposure can then be combined to originate adjusted risk estimates for any new risk category. In our case, we combined all the categories for drinkers in a single category and compared it with the reference nondrinkers category.
Statistical heterogeneity among studies was evaluated using both the Q statistics and I 2 , which is the proportion of total variation contributed by between-study variance [13] .
An influence analysis was conducted and the summary RR was computed with the omission of one study at a time, in order to identify to what extent the results were influenced by single studies. In order to assess the effect of study characteristics and quality on the reported effect estimates, we conducted heterogeneity analyses in which we compared the summary effect estimates for subgroups stratified on study or quality characteristics such as study design (cohort or case-control), geographic area (North America, Europe or Asia), definition of 'never smokers' used in the study (never smoked regularly, <100 cigarettes lifetime or unspecified), gender (males, females or males and females) and adjustment for potential confounders (variables related to diet, body mass index, socioeconomic status or educational level). We were not able to investigate adjustment for physical activity and environmental tobacco smoking, given the sparse number of studies that considered these factors. We used a chi-square statistics to test for differences of summary estimates among subgroups [10] . Publication bias was evaluated using Egger's regression asymmetry test [14] .
We then assessed the dose-response relationship between alcohol intake and lung cancer risk in never smokers. In this analysis, we considered only studies reporting risk estimates for at least three quantitative exposure categories, including the referent one.
Data extraction from the original studies for the dose-response metaanalysis was carried out according to a three-step procedure. First, since different studies used different units of measure to express alcohol consumption (grams, milliliters, ounces or drinks consumed every day, week, month or year), we used grams per day (g/day) as a standard measure of ethanol intake using the following equivalencies: 0.8 g/ml, 28 g/ounce, 12.5 g/drink. Secondly, since the levels of consumption were often given by a range, the value x of exposure was assigned as the midpoints of the ranges of the reported categories of alcohol intake (as suggested by Berlin et al. [15] , the x values were calculated as 1.2 times the lower bound for the openended upper category). Thirdly, every measure of association concerning (5) or (6) or (7) or (8)] and [ (9) or (10)]; 12. (4) or (11).
original article Annals of Oncology each level of alcohol consumption and the corresponding CI was translated into log(RR) and the corresponding variance. The method proposed by Greenland and Longnecker [16] was used to compute the linear trend from the correlated log RRs across categories of alcohol consumption. This approach is based on constructing an approximate covariance estimate for the log(RRs) and estimating a linear trend using generalized least-squares regression. We considered zero exposure dose (nondrinkers) as reference. When a study reported risk estimates and 95% CIs relative to a referent category different from zero, we recalculated the corresponding RRs using nondrinkers as reference. The variance of the logarithm of these new estimates was obtained using the approximate covariance of the original log(RRs), according to the formula proposed by Greenland et al. [17] . Heterogeneity among study-specific trend estimates and subgroup analyses were carried out.
All analyses were carried out with SAS software, version 9.1 (SAS Institute Inc., Cary, NC). All P values were two sided.
results Figure 1 shows the paper selection strategy for the metaanalysis. We identified via the search strategy a total of 2413 papers. We screened them by title and abstract and excluded 2306 of them because they were not related to alcohol intake and lung cancer risk or because they were not published in English-language journals. The remaining 107 articles were considered of interest and full text was retrieved for detailed Sum does not add up to the total number of studies included in the meta-analysis since studies reporting gender-specific estimates were considered as independent strata. RR, relative risk; CI, confidence interval; BMI, body mass index; SES, socio-economic status. 
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evaluation. Two other additional papers were identified through review of reference lists of retrieved papers. Eighty of these 109 articles were subsequently excluded from the metaanalysis because they did not satisfy the inclusion criteria. A further 19 epidemiological studies investigating the association between alcohol consumption and lung cancer risk were excluded since they did not report any risk estimate in never smokers.
Three cohort studies [6, 7, 18] ; 1 pooled analysis of 7 prospective studies conducted in the United States, Canada and The Netherlands [5] ; and 6 case-control studies [4, [19] [20] [21] [22] [23] , leading to a total of 10 studies, met the inclusion criteria and were included in the analysis.
Overall, the meta-analysis was based on a total of 1913 lung cancer cases. The main characteristics of the included studies are reported in Table 1 .
drinkers versus nondrinkers Figure 2 shows the RR of lung cancer in never smokers for drinkers versus nondrinkers in each of the 10 included studies.
Only 2 studies [18, 23] reported directly this aggregate estimate; for the remaining 10 studies, it was derived combining the reported dose-specific RRs. We found a substantial heterogeneity among single studies estimates (Q = 42.85, P < 0.0001, I 2 = 74%). The random-effect summary RR was 1.21 (95% CI 0.95-1.55). Influence analysis showed that the heterogeneity was due in a large part to one study [21] , reporting elevated ORs for lung cancer among never smoker women associated with very low levels of alcohol intake (ORs equal to 3.89, 8.76 and 12.06 for 1-4, 4-8 and ‡8 g/week, respectively). When omitting this study, the I 2 dropped to 39%, and the summary RR became 1.05 (95% CI 0.89-1.23).
We examined possible differences between risk estimates by various study characteristics ( Table 2 ). We did not find evidence of heterogeneity in pooled estimates by design, gender, definition of 'never smokers' and area in which the study was carried out. When considering adjustment for potential confounders, we did not find a significant difference between estimates adjusted and those not adjusted for diet factors, body mass index and socioeconomic status and/or educational level. Figure 3 . Study-specific RR estimates of lung cancer for increasing level of alcohol consumption. Each panel refers to a study. The first author, year of publication and gender (in square brackets) of subjects included in the analysis are reported. Black squares indicate the RR estimates and whiskers their 95% CIs. Continuous lines describe the log-linear relationship between RR and alcohol dose (g/day). Since the regression line is forced to pass through the origin (i.e. RR = 1), it does not have to interpolate the reported study-specific estimates. The vertical axis is on a log scale. RR, relative risk; CI, confidence interval.
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The asymmetry test for publication bias was not statistically significant (P = 0.29).
dose-risk
Two of the 10 studies were excluded from the dose-response meta-analysis. The first one [23] because it considered only one level of exposure. The second one [21] because it reported, as previously described, a very narrow range of exposure levels associated with elevated risk estimates: in fact, according to the data reported, we obtained an implausible log-linear regression coefficient for an increase of 1 g/day (1.97) leading to an RR of lung cancer for an increase of 10 g/day of 3.83 · 10 8 . Figure 3 shows the estimated study-specific log-linear risk function for increasing level of alcohol consumption, along with the RR (and 95% CI) of each study. There was significant heterogeneity among study-specific slopes (Q = 27.1, P = 0.0013, I 2 = 67%). The random-effects model-based summary RR of lung cancer for an increase in alcohol intake of 10 g/day was 1.01 (95% CI 0.92-1.10).
We examined possible differences between linear trend risk estimates by various study characteristics (Table 3) . No evidence of heterogeneity between subgroup-specific pooled estimates was found.
discussion
In this meta-analysis of published data, we observed that lung cancer risk is not associated with alcohol drinking in never smokers. No positive trend in lung cancer risk was observed.
Previous meta-analyses showed a modest increase in smoking-adjusted risk limited to very high consumption of alcohol [24, 25] . Since residual confounding by smoking is one of the main concerns in the interpretation of risk among heavy drinkers [26] , we chose to restrict the analysis only to those studies reporting the association between alcohol and lung cancer in never smokers.
Founded on this restriction, the strongest evidence in favor of an independent role of alcohol consumption in lung cancer etiology derives from a large pooled analysis [5] in which a sixfold significant increase of risk was reported in men who drank ‡15 g/day but did not smoke compared with men who did not drink or smoke. On the other hand, the same study reported no association whatsoever in nonsmoking women. In contrast, another cohort study [7] reported no evidence of association in 72 969 never smoker males, where 406 deaths from lung cancer were observed during 24 years of follow-up, as well as in 150 247 never smoker females, where 625 deaths were observed. In our meta-analysis, the drinkers versus nondrinkers and dose-response pooled RRs were not significantly different between men and women.
Although a substantial heterogeneity was found across single studies estimates, this could not be explained by gender, study designs, geographic areas nor by adjustment for diet and socioeconomic factors. The heterogeneity could be possibly due to differences in smoking and alcohol drinking assessment among studies and different drinking patterns among study populations.
Two studies by Shimazu et al. [8] and Murata et al. [27] are in support of the lack of a positive association between alcohol Sum does not add up to the total number of studies included in the meta-analysis since studies reporting gender-specific estimates were considered as independent strata. RR, relative risk; CI, confidence interval; BMI, body mass index; SES, socio-economic status.
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and lung cancer also in the broader category of nonsmokers, which includes never smokers as well as ex-smokers. The first reported a protective effect of alcohol on lung cancer risk; the latter reported a lack of association. When we added these two studies to our meta-analysis, we obtained a pooled RR of lung cancer for an increase in alcohol intake of 10 g/day of 1.00. Some limitations characterize our study. First, 1913 patients could be considered too small a population to support our conclusions. We observed that only 10 of the 29 studies investigating the association between alcohol and lung cancer reported estimates in never smokers strata. However, we think that many authors did not report data in never smokers simply because of the null results and/or the small number of never smokers. Secondly, the effect of specific alcoholic beverages was not investigated. Studies evaluating the effect of alcohol on lung cancer by beverage type have more frequently observed relations with beer and liquor than with wine [25] . Unfortunately, only two studies [20, 21] reported beveragespecific estimates in never smokers, but with conflicting results. Thirdly, passive smoking may act as a confounder in the observed associations since nonsmoking heavy drinkers may have indeed more chance to be exposed to passive smoking than nonsmoking nondrinkers. Unfortunately, only 1 study [4] of the 10 controlled the estimates for passive smoking, showing no effect of alcohol on lung cancer risk. Finally, misclassification of smoking status could represent another issue in our meta-analysis [9] . However, results from validation studies conducted within case-control studies on lung cancer risk factors generally reported low proportions of misclassified ever-regular smokers among reported never smokers [28] .
The fact that the results of this meta-analysis, limited to never smokers, do not support an independent role of alcohol on lung cancer risk does not imply that alcohol does not play a role in the etiology of lung cancer in general. For instance, we cannot conclude that alcohol is not associated with lung cancer in smokers. A synergic effect between alcohol drinking and tobacco smoking on lung cancer risk was recently reported in a large case-control study [4] . Alcohol may enhance the carcinogenic effect of cigarette smoke on lung tissues by inducing the activity of cytochrome P-450 enzymes, which in turn can activate procarcinogens present in alcoholic beverages [29] . Also, all the studies included in our meta-analysis considered lung cancer as if it were a homogeneous disease. However, lung cancer is a collection of several conditions, with different histologies, anatomical subsites and genetic profiles. Therefore, our null results do not exclude the independent role of alcohol on a particular subtype of lung cancer. The association between smoking and lung cancer, for example, varies among histological types, being stronger with small-cell lung cancer and squamous cell carcinoma and weaker with adenocarcinoma [30] .
Lung cancer in never smokers ranks as the seventh most common cause of cancer death worldwide and elucidating the etiology of this condition is important from a public health prospective [31] . This meta-analysis, based on 1913 never smoker cases, provides no evidence that alcohol consumption is positively associated with lung cancer risk at any dose in never smokers, suggesting that alcohol consumption does not likely play an independent role from tobacco smoking in lung cancer etiology.
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